• Target of Rapamycin (TOR) kinase is a conserved regulator of cell growth whose activity is 2 modulated in response to nutrients, energy and stress. Key proteins involved in the pathway 3 are conserved in the model photosynthetic microalga Chlamydomonas reinhardtii, but the 4 substrates of TOR kinase and downstream signaling network have not been elucidated. Our 5 study provides a new resource for investigating the phosphorylation networks governed by the 6 TOR kinase pathway in Chlamydomonas.
Introduction 24 The Target of Rapamycin (TOR) protein kinase is a conserved eukaryotic growth regulator whose 25 activity is modulated in response to stress, nutrients and energy supply (Wullschleger et al., 2006; 26 Loewith & Hall, 2011; Dobrenel et al., 2016a; González & Hall, 2017; Pérez-Pérez et al., 2017) . 27 In metazoans and fungi, TOR is found in two compositionally and functionally distinct 28 multiprotein complexes (TORC1) and (TORC2) that control rates of biosynthetic growth and 7 PXD007221. Acquired spectra (*.wiff) files were imported into Progenesis QI for proteomics 137 (v2.0, Nonlinear Dynamics) as previously described (Werth et al., 2017) with peptide sequence 138 determination and protein inference done by Mascot (v.2.5.1; Matrix Science) using the C. 139 reinhardtii Phytozome v.11 database (www.phytozome.net/; accessed May 2015) appended with 140 the NCBI chloroplast and mitochondrial databases (19,603 entries) and sequences for common 141 laboratory contaminants (http://thegpm.org/cRAP/; 116 entries). For database searching, trypsin 142 protease specificity with up to two missed cleavages, peptide/fragment mass tolerances of 20 143 ppm/0.1 Da, a fixed modification of carbamidomethylation at cysteine, and variable modifications 144 of acetylation at the protein N-terminus, oxidation at methionine, deamidation at asparagine or 145 glutamine, phosphorylation at serine or threonine and phosphorylation at tyrosine were used. 146 Peptide false discovery rates (FDR) were adjusted to ≤1% using the Mascot Percolator algorithm 147 (Käll et al., 2007) and only peptides with a Mascot ion score over 13 were considered. 148 Custom scripts written in Python were implemented to parse results following data normalization 149 and quantification in Progenesis QI for proteomics. Shared peptides between proteins were 150 grouped together to satisfy the principle of parsimony and represented in Table S1 by the protein 151 accession with the highest amount of unique peptides, otherwise the largest confidence score 152 assigned by Progenesis QI for proteomics. Additionally, the script appended site localization of 153 variable modifications using an implementation of the Mascot Delta Score (Savitski et al., 2011) 154 to the peptide measurements (*.csv) export from Progenesis QI for proteomics with confident site 155 localization considered a Mascot Delta score >90%. Following scoring, only peptides with 156 phosphorylation at serine, threonine, or tyrosine were considered for further processing and 157 analysis.
158 Downstream bioinformatics analysis. 159 Missing value imputation was performed on logarithmized normalized abundances in Perseus 160 v1.6.0.0 (Cox & Mann, 2012; Tyanova et al., 2016) requiring at least three of the five replicates 161 in all drug conditions and control to be nonzero to continue through the workflow. A coefficient 162 of variation (CV) cutoff was applied requiring CV<25% in at least 2 of 4 conditions for each Carotenoid analysis. 174 Chlamydomonas cells were collected by centrifugation (4000 g for 5 min) and resuspended in 80% 175 acetone. Samples were heat up for 5 min in a water bath at 90ºC and then centrifuge at 10000g 176 10min. The supernatant evaporated under N2, and then resuspended in 80% acetone. The 177 separation and chromatographic analysis of pigments was performed in a HPLC using a Waters 178 Spherisorb ODS2 column (4.6 x 250 mm, 5µm particle size). The chromatographic method 179 described by Baroli et al., 2003 (Baroli et al., 2003 . Pigments were eluted at a flow rate of 1.0 mL filtering an exact volume of microalgae culture (30 mL) on pre-targeted glass-fiber filters (1µm 187 pore size). The filter was washed with a solution of ammonium formate (0.5 M) to remove salts 188 and dried at 100 °C for 24 h. The dried filters were weighed in an analytical balance and the dry 189 weight calculated by difference. Chlamydomonas cells from liquid cultures were collected by centrifugation (4000 g for 5 min), 192 washed in 50 mM Tris-HCl (pH 7.5), 10 mM NaF, 10 mM NaN3, 10 mM p-nitrophenylphosphate, Prior rapamycin phosphoproteomic experiments in mammalian studies have shown that 224 phosphopeptide ratios in general were not affected by normalization to protein levels at a 15 min Table S4 ) with no significant differences in 229 protein abundances between control and treatment (Supplemental Figure 2 ). While 4 of the 18 230 proteins changing at the protein level were identified in the phosphoproteomics study detailed 231 below, they were not detected as phospho-modulated following chemical inhibition and thus not 232 proteins of interest in this study. Thus, we have confidence that the statistically significant Table S2 ). Table S1 . AZD8055 treatment resulted in 97 phosphopeptides 257 modulated in the wild-type strain (Figure 2a ). A matched control experiment using an AZD-258 insensitive strain which grow similar to wild-type (Supplemental Figure 3 ) showed only 13 low 259 abundance phosphosites differentially changing (Table S3 , Figure 2b ). Of the 13, no overlap was 260 found with the 258 modulated phosphosites in the main dataset. Cre09.g400650.t1.2), a predicted target of S6K, showed a 2.1-fold decrease in phosphorylation on 335 Thr127 following Torin1 treatment ( Figure 5 , Table 1 ). While this site is potentially TORC1-336 regulated, antibodies specific for this phosphosite needed for validation are not available. In (Figure 4b ), the latter used as a control for monitoring protein level. Interestingly, this site does not seem to change drastically with Torin1, AZD8055, or 346 rapamycin treatment contrary to results on the C-terminal phosphosite in Arabidopsis.
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Sites modulated by TORC1 inhibition -known TOR pathway association. 348 Of the 258 phosphosites detected as significantly modulated in this study, 10 are in homologs of 349 proteins associated with the TOR signaling pathway ( Figure 5, Table 1 ). In addition to four sites LARP1shown to be required for interaction with mTORC1 (Hong et al., 2017) .
379
Additional proteins with phosphosites altered by TORC1 inhibition 380 The majority of differential phosphosites we identified were not previously linked to TOR CrTORC1 pathway in our study implies a potential role for TORC1 mediated control of 393 translation, similar to other well-known TOR substrates.
394
Another differential phosphosite of interest following TORC1 inhibition that was not previously 395 linked to TOR regulation is a site on lycopene beta/epsilon cyclase protein (Cre04.g221550.t1.2--396 Thr800/Ser802:NL). This phosphosite is significantly increased upon Torin1 treatment (FC=4.02) 397 and the total protein level remained constant upon rapamycin treatment ( Supplementary Table S4 , further investigate the effect of TORC1 inhibition on carotenoid biosynthesis in Chlamydomonas 406 based on our phosphoproteomic finding, carotenoid levels in AZD-, Torin1-and rapamycin-treated 407 cells were assessed after eight hours of treatment with three biological and two technical replicates 408 ( Figure 6 , Table 2 ). After eight hours of treatment, there was a significant increase in various 409 carotenoids measured in TOR-inhibited samples including β-carotene, which is directly 410 downstream of cyclase activity ( Figure 6 , Table 2 ). While the effects on carotenoid biosynthesis 411 and secondary metabolism following TORC1 inhibition required eight hours to become detectable, 412 this is the first evidence that carotenoid production is modulated by TOR signaling in algae.
413
Additionally, altered cyclase protein levels are not likely responsible for this finding since previous 414 studies showed no change in lycopene beta/epsilon cyclase protein level after up to 24 hours of 415 nitrogen stress (Cunningham Jr & Gantt, 1998; Valledor et al., 2014) , a condition that is 416 metabolically similar to TOR inhibition (Perez-Perez et al., 2010; Roustan et al., 2017) .
417
Numerous phosphosites from proteins without Phytozome database descriptions were also found 418 to be down-regulated upon CrTORC1 inhibition, including some sites with large decreases (>five-419 fold). For all unannotated proteins, we searched for pfam, Panther, KOG, KEGG, KO, and GO 420 pathway terms and domain conservation using Phytozome and NCBI annotations (Table S4) . Cre11.g469150.t1.2, Cre05.g236650.t1.1, Cre13.g582800.t1.2), future targeted work would be 427 required to infer biological significance to this observation. To aid in this, the fifty-eight modulated 428 sites without Phytozome database annotation were also homology searched for best BLAST hit 429 IDs in Volvox, Gonium, and Arabidopsis to find homologs among green lineage (Table S5) and 430   Table S2 displays all of the experimentally derived sites modulated by AZD8055, Torin1, and/or 431 rapamycin and will serve as a guide in follow-up studies.
432
In summary, we obtained a candidate list of phosphosites modulated following TORC1 433 inhibition. We achieved extensive coverage of the TOR-modulated phosphoproteome in 434 Chlamydomonas using a quantitative label-free approach. Our approach was validated by the 435 overlap of phosphosites altered using different TOR inhibitors and by our identification of 436 Chlamydomonas homologs of TOR signaling-related proteins such as RPS6 and LARP1 that had 437 decreased phosphorylation upon TORC1 inhibition. Follow-up experiments guided by our 438 phosphoproteomic findings in lycopene beta/epsilon cyclase showed that carotenoid levels are 439 affected by TORC1 inhibition, the first evidence that carotenoid production is under TOR control 440 in algae. Conserved TOR substrate motifs were also identified such as RXXS/TP and RXXS/TP.
441
Our study provides a new resource for investigating the phosphorylation networks governed by 442 the TOR kinase pathway in Chlamydomonas.
443
Tables 674 Table 1 : TOR targets identified with fold change values for drug condition versus control. (1-5) of each drug condition and control were harvested together prior to downstream processing.
686
To minimize inter-condition batch effects, "n" replicate of each condition was harvested together 687 and frozen until protein extraction. 
